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Strawberry Innovation is a national industry 
development program, focused on improving national 
communication and coordination across the whole 
of the Australian strawberry industry. This project has 
been funded by Hort Innovation, using the strawberry 
research and development levy and contributions 
from the Australian Government. Hort Innovation 
is the grower owned, not-for-profi t research and 
development corporation for Australian horticulture.

 Charcoal rot, caused by the 
soil borne fungus Macrophomina 
phaseolina, is a devastating 
disease affecting strawberries. The disease 
is growing in importance in Australia, 
as the pathogen has been reported to 
cause serious economic losses across the 
Australian strawberry fruit industry.

Commercial strawberries are mostly 
grown in open-fi eld production and 
common industry practice is for plants to 
be incorporated back into the soil during 
cultivation following the cropping season. 
The pathogen survives within the crown of 
a strawberry plant, where it is protected 
from the elements of the soil environment. 
Studies of pathogen survival in other 
crops show that the pathogen can survive 
in buried infected crop debris of corn and 
beans for 18 and 21 months, respectively. 
It is unclear for how long the pathogen can 
survive in strawberry crop debris in soil. 

A collaborative research project 
(BS15005 Improved management of 
charcoal rot of strawberry) between Hort 
Innovation, Department of Agriculture 
and Fisheries, and Victorian Strawberry 
Industry Certifi cation Authority, has 
recently commenced and will run for 
three years to October 2020. One of 
the key components of the project is to 
investigate sources of pathogen inoculum. 
A fi eld study was conducted to determine 
the natural survival and longevity of the 

pathogen in infected strawberry crowns 
buried in the soil over a six-month period. 

The fi eld study was conducted at 
Maroochy Research Facility (Queensland) 
from October to March, approximating 
the off-season in coastal, south-east 
Queensland. Potted strawberry plants 
were inoculated with Macrophomina 
and grown for eight weeks to allow the 
pathogen to develop in the plant. The 
plants were then prepared as whole crowns 
and crowns cut in half lengthwise, placed 
in individual onion bags (Fig.1)and buried 
at a depth of 10 cm in non-fumigated soil 
(Fig.3). Infection of the buried crowns was 
confi rmed by testing twenty crowns and 
recovering the pathogen from 100% of 
the samples. To determine the survival 
of the pathogen over time, ten crowns 
per sampling date were recovered over 
a 6-month period, at fortnightly intervals 
during the fi rst four months, and monthly 
thereafter. Laboratory isolations were 
conducted on the samples to detect viable 
pathogen. The experiment showed that 
the detection of the pathogen declined 
over a 6-month period (Fig.2). However, 
the pathogen was still detected in up to 
30% of infected whole crowns and 20% 
of infected half crowns, six months after 
burial. 
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THE FUNGUS CAUSING CHARCOAL 
ROT CAN SURVIVE BETWEEN 
CROPS IN INFECTED CROWNS

Figure 1: Infected crown in an onion bag (left) and 
strawberry crown cut in half showing discolouration 

in the crown and vascular tissues caused by 
M. phaseolina (right)
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The results suggest the wide-spread industry practice of 
incorporating strawberry crop debris, including plants that are 
diseased, will play a part in increasing the level of pathogen 
inoculum in the soil. The results also suggest cutting the crowns 
into pieces may reduce the level of surviving pathogen that 
causes charcoal rot. 

For summer strawberry production, particularly in southern 
states where the interval between strawberry crops can be 
as short as 1-2 months, viable Macrophomina will carryover in 
infected old crowns in the soil and may increase the likelihood 
of charcoal rot developing in the subsequent crop. The long 
off-season (up to six months) in winter strawberry production 
(eg. most of Queensland and north of Perth WA) will enable the 
level of Macrophomina inoculum to be substantially reduced. 
However, the fact that viable Macrophomina is present in 30% of 
buried crowns after 6 months still presents a risk of charcoal rot 
developing in the following season. 

In summary, the incorporation of infected strawberry crop 
debris is likely to increase the risk of charcoal rot in open-fi eld 

production districts throughout Australia. M. phaseolina, the 
pathogen that causes charcoal rot, remains viable in up to 30% 
of infected strawberry crowns after six months buried in soil. 
Removing crop debris at the end of the season is likely to reduce 
the build-up of inoculum in the soil. Cutting strawberry crowns 
into pieces (e.g. rotary hoeing) leads to a faster decline in the 
level of surviving Macrophomina over a shorter period of time 
(i.e. 4 weeks).

Future studies are planned to further investigate the role 
of infected strawberry crop debris as an inoculum source and 
develop management practices for control of charcoal rot. 

The project is funded by Hort Innovation using the research 
and development strawberry levy, and funds from the Australian 
Government. The Queensland Government, through the 
Department of Agriculture and Fisheries, and the Victorian 
Strawberry Industry Certifi cation Authority Inc. have co-funded 
the research.
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Figure 3: Field study of the 
natural survival of the pathogen.

Figure 2: Percentage of crowns infected with charcoal rot, 
collected over a 6 month period, buried at 10cm.
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Charcoal rot, caused by the soil-borne fungus Macrophomina 
phaseolina, is a serious disease of strawberries in Australia. The 
use of low density polyethylene (LDPE) plastic for covering soil 
during fumigation ... is the standard practice in the Australian 
strawberry industry. As part of research on management of 
charcoal rot, we compared LDPE with totally impermeable 
fi lms (TIFs) for their ability to retain fumigants within soil in 
experimental cylinders and in the fi eld. Our results showed 
that TIFs increased the concentration of registered fumigants 
in soil in comparison with LDPE fi lms, in both cylinder and fi eld 
trials. Based on this result, the use of TIFs when fumigating soil 
may improve control of charcoal rot. This is currently being 
investigated in fi eld trials in Victoria.

Charcoal rot causes signifi cant losses to the strawberry 
fruit industry in Australia, and therefore, QDAF and VSICA are 
undertaking a national project funded by Hort Innovation to 
develop integrated management practices for control of the 
disease. The fungus causing charcoal rot produces very tiny 
structures called microsclerotia, which survive in the soil and 
inside old strawberry crowns. Soil fumigants are currently used as 
a control measure for charcoal rot. Fumigants are chemicals that 
turn into gases in soil and are often used to kill weeds, pests, and 
pathogens (e.g. the fungus that causes charcoal rot).

Growers cover strawberry beds with plastic fi lms during 
fumigation to seal fumigants in the soil for a longer period, and 
to improve their effectiveness. There are several broad categories 
of plastics used to cover strawberry beds, including LDPE and 
TIF. The fi lms differ in composition, and this affects their ability to 
retain fumigants in soil. LDPE fi lm is the standard plastic growers 
use in the strawberry industry. TIFs are newer plastics that consist 
of laminates of LDPE and another plastic, which is impermeable 
to fumigants. We therefore compared these fi lms for their 
ability to retain fumigants in soil.

In preliminary studies we used cylindrical soil columns 
to determine the effectiveness of the plastic fi lms to retain 
fumigants in soil, including chloropicrin and 1,3-dichloropropene 
(active components of Tri-Form® 80, Pic Plus®, Telone® C35, 
Agrocelhone®) (Fig.1). Results showed that concentrations of 
chloropicrin (Fig. 2) and 1,3-dichloropropene (Fig. 3) at depths of 
5cm, were higher in soils sealed with TIF than with LDPE.

A fi eld trial was established at Silvan, Victoria on a property 
with a history of charcoal rot. Initial results showed that the 
concentrations of fumigants, including chloropicrin and 
1,3-dichloropropene, were higher under TIF than under LDPE 
(Figs. 4 & 5). A separate fi eld trial was also established at 
Coldstream, Victoria and is evaluating the effectiveness of the 
new fumigant ethanedinitrile (EDN), co-applied with or without 
chloropicrin, for control of charcoal rot. Under the label, EDN can 
only be applied to soil under TIFs. These trials are continuing and 
others are planned to determine if the use of TIF with fumigants 
can improve control of charcoal rot of strawberry.
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TOTALLY IMPERMEABLE 
FILMS INCREASE FUMIGANT 
CONCENTRATIONS IN SOIL

Figure 1: Strawberry fruit growers observing soil 
columns used to test the effectiveness of TIF and 

LDPE fi lm for sealing fumigants in soil.

Figure 2: 
Effects of fi lms on concentration of chloropicrin at 
a depth of 5 cm in soil columns, after fumigation 

with Tri-Form® 80.
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Figure 3: 
Effects of fi lms on concentration of 1,3-dichloropropene 
at a depth of 5 cm in soil columns after fumigation with 

Tri-Form® 80.
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® ACRAMITE is a registered trademark of an Arysta LifeScience Group Company

When they trust you to feed them
...make the right choice
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Figure 5: 
Effects of fi lms on concentration of chloropicrin after strip 
fumigation with Tri-Form® 80 at Silvan, Victoria.

TOTALLY IMPERMEABLE FILMS INCREASE FUMIGANT CONCENTRATIONS IN 
SOIL CONTINUED

Figure 4: 
Effects of fi lms on concentration of 1, 3-dichloropropene 
after strip fumigation with Tri-Form® 80 at Silvan, Victoria.
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• accelerates root development and growth
• re-invigorates root activity in perennial crops
• increases plant strength
• increases root zone
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